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Introduction
It is now well established that solid surfaces can have an aligning effect for the molecules of liquid crystal in contact. Homeotropic (perpendicular to the surface), homogeneous or planar (parallel to the surface) and tilted orientations have been described [1] . The orientation depends strongly on the state of the solid surface. The latter can be modified by mechanical action (rubbing...) [2, 3] , chemical treatments, film deposition [4] or by adsorption of surfactants on the surface [5] [6] [7] [8] [9] [10] [11] . Several methods have been proposed for measuring the anchoring energy [12] [13] [14] [15] . Often the order parameter is larger at the surface than in the bulk [16] [17] [18] . Generally these surface effects are important for the liquid crystal device applications, and are studied on macroscopic surfaces (glass plates). A definite orientation over a large range is required for these applications.
Here our purpose is somewhat different. This paper describes the effect of macromolecules, namely poly-(ethylene oxide), grafted i.e. chemically bonded, onto the solid surface, on the orientation properties of a liquid crystal. As we want to investigate only the local order, we have chosen microscopic silica surfaces. It has already been shown that macromolecules in solution in liquid crystal destroy the nematic order in their vicinity [19] [20] [21] . Kronberg et ale [19] have studied the system EBBA + poly(ethylene oxide). They have shown that it seems that the size rather than the nature of the segments is important in destroying the order in the nematic phase. It is therefore expected that grafted polymers will, on the contrary of the usual action, decouple the solid surface from the bulk liquid crystal [22] .
Three different methods are used : the differential scanning calorimetry (DSC), the electronic paramagnetic resonance (EPR) of labels or probes, and the nuclear magnetic resonance (NMR) of the protons. The To evaluate the order parameter from the EPR spectra we use the expression reported by Seelig [27, 28] . Seelig calculates first the time averaged hyperfine tensor A and g tensor. These tensors are well known in the molecular frame x, y, z, where the xaxis is along the N-0 bond and the z-axis along the direction of the nitrogen orbital 2 pn (perpendicular to the plane of the label). Let us denote Axx, Ayy, Azz the components of the hyperfine tensor in the frame x, y, z. The essential step is to take into account the rotational symmetry of the motion around the director. It can then be shown that [27, 28] where aani is the hyperfine splitting between two lines of the EPR spectrum and aiso = (Azz + 2 Axx)/3.
To account for the eventual difference between the polarities in the single crystal and in the liquid crystalline phase, Seelig [28] proposed to multiply the last expression of the order parameter by the fraction A 11 (resp. Al) is the hyperfine splitting between two lines of the EPR spectrum when the common director of the molecules of the liquid crystal is parallel (resp. perpendicular) to the magnetic field direction. (Fig. 3b) . The anisotropy of the motion is apparent from the spectra by an appreciable variation of the distance between the lines. This splitting decreases when the temperature increases until it reaches at 43 °C a value of 14.5 G (Fig. 4) (Fig. 3a) . They appear rather as a superposition of three spectra. One is due to the slow motion of the label adsorbed on the solid surface. Its shape has been described by Freed [29] (Fig. 4) (Fig. 7) .
At a given temperature in the nematic region, the value of the order parameter for labelled grafted silica is clearly lower than for the probe in pure MBBA but still higher than in an isotropic liquid. Therefore The spectra are given in figure 6 for three samples at room temperature (25 OC). As expected [1, 26] For the MBBA interacting with a solid surface a third peak at about 14 °C appears and the peak characteristic for the nematic-isotropic transition is shifted towards the low temperatures. If the quantity of MBBA is decreased, the intensity of the peak at 21 °C corresponding to the solid-nematic transition in the bulk decreases. Therefore the peak at 14 °C is characteristic of disordered liquid crystal near the solid surface (Fig. 7) .
Comparing the effect of silica with and without grafted polymers it appears that the peak at 14 °C is more important and the nematic-isotropic transition occurs at lower temperature for the silica without grafted polymers (Fig. 8) [2] and the physico-chemical couplings [5, 6] .
The Aerosil silica is non-porous. But its preparation proceeds in different stages. First colloidal particles are formed and they grow spontaneously to recognizable size (in our case about 10 nm diameter). These particles as oligomers aggregate then, until they form chains of particles, polymers, and gel networks of silica [30] . The surface is therefore highly irregular, and though it is not porous, at the scale of the MBBA molecules, no preferential orientation of the liquid crystal can be expected.
Concerning the physico-chemical coupling, the polar Si-OH groups are the sites at which adsorption occurs [30] . When [1, 2] , it is expected that the order of magnitude of the distance on which the liquid crystal should be perturbed by an irregular surface is precisely the order of the irregularities (i.e. here the size of the silica particles 100 A). Our results are consistent with these predictions. The order of the nematic liquid crystal decreases slowly when approching the surface but still influences the orientation of the polymer tails (Fig. 9) . In solution Kronberg et al. [19] [25, 31] . There are three components which interact with each other : the solid, the polymer and the solvent. In our case the polymer is adsorbed on the wall; both the wall and the polymer influence the nematic order. This leads to experimental effects which are more complicated than the predictions of the simplest models would give. 6 . Conclusion.
The ordering properties of a nematic liquid crystal has been studied in the vicinity of a solid silica surface with grafted polymers, using the EPR, NMR 
